The polymerase chain reaction (PCR) is most effectively performed using a thermostable DNA polymerase such as that isolated from Thermus aquaticus. Since 
INTRODUCTION
Enzymatic amplification of DNA by sequential rounds of primer extension has become a useful tool for the analysis of defined DNA sequences (Kleppe et ai, 1971; Saiki et ai, 1985; Scharf et ai, 1986) . This polymerase chain reaction (PCR) utilizes two oligonucleotide primers that hybridize to opposing strands of DNA at positions spanning a sequence of interest and a DNA polymerase for sequential rounds of template-dependent synthesis of the DNA sequence. With the introduction of a thermostable DNA polymerase from Thermus aquaticus (Saiki et ai, 1988b) PCR has been automated. It is possible to amplify specific DNA sequences exponentially so that 105-to 107-fold amplification can be achieved in 20-25 rounds of amplification.
PCR has been combined with either restriction endonuclease cleavage or allele-specific oligonucleotide hybridization to analyze or diagnose a number of genetic diseases (Lee et ai, 1987; Chan et ai, 1988; Saiki et ai, 1988a; Hunkapiller and Hood, 1989) . Enrichment of DNA sequences by PCR greatly improves the sensitivity of these diagnostic methods, and therefore PCR overcomes the primary limitation of these techniques. PCR has been used for the amplification of target DNA templates for subsequent DNA sequencing (Gyllensten and Erlich, 1988) as well as combined with a ligation based analysis of single nucleotide variation (Landegren et ai, 1988; Wu and Wallace, 1989 ). Recently, we described a method that uses PCR directly as a diagnostic method for the identification of single base-pair variations in the human genome (Wu et ai, 1989a,b A number of variables have been identified that influence the optimization of PCR (Saiki et ai, 1988b 
MATERIALS AND METHODS

Oligonucleotide synthesis
Oligonucleotides were synthesized on an Applied Biosystem 380B or a Cruachem PS250 DNA synthesizer using phosphoramidite chemistry. They were purified on a 7 M urea 12% polyacrylamide gel followed by high-performance liquid chromatography as described (Miyada and Wallace, 1987) .
Isolation of human DNA
Human DNA samples were isolated from peripheral blood leukocytes. DNA isolation was performed according a modified procedure using Triton X-100 followed by Proteinase K and RNase treatment (Bell et ai, 1981 Table 1 ). PCRs were performed in a volume of 50 pi containing 50 mMKCl, 10 mMTris-HCl pH 8.3, 1.5 mMMgCl2, 0.01% (wt/vol) gelatin, template DNA (5 pg/ml), and 0.1 mM each dATP, dCTP, dGTP, and TTP (Pharmacia) with 2.5 units of T. aquaticus DNA polymerase (Perkin ElmerCetus) and 5 pmoles of each oligonucleotide primer. Following denaturation of the DNA at 95°C for 3.5 min, the amplification of the different fragments was carried out for 25 cycles as follows: annealing at the specified temperature for 2 min, polymerization at 72°C for 3 min, and denaturation at 94°C for 1 min using a Perkin Elmer-Cetus DNA thermal cycler. At the end of 25 cycles, the samples were held at 4°C in the thermal cycler until removed for further analysis. Kim and Smithies, 1988; Saiki et ai, 1988b) . A significant improvement in specificity is typically obtained when the primer annealing temperature is raised gradually (Fig.  1) . For most unique genomic sequences, primer-directed amplification becomes optimal when the specific fragment becomes the major amplification product. The optimal primer annealing temperature usually occurs over a 4-10°C range. Should the primer annealing temperature be raised beyond a certain temperature range, the efficiency of the amplification decreases, leading to little or no amplification of the fragment. The effect of primer annealing temperature is demonstrated in the amplification of a 456-bp fragment of the human growth hormone gene (Fig. 1) Fig. 2 shows that as Ln increases, the priming temperature will eventually exceed the optimal temperature for elongation by the polymerase. This temperature, 74°C for T. aquaticus DNA polymerase (Saiki et ai, 1988b) 
